ABSTRACT The mouthparts of both males and females of Lutzomyia migonei Franç a were compared by scanning electron microscopy (SEM) and light microscopy (LM), and their structures are herein described. Mandibles are present in both sexes but in males they are reduced and, in contrast to females, no teeth were observed. As in females, the laciniae in males are highly sclerotized, but the number of lateral teeth are reduced and retrorse teeth are absent. Only females possess teeth at the tip of the hypopharynx, whereas in males they are substituted by spicula. Except for the length from the junction with the hypopharynx to the tip, which is shorter in males than in females, the labrum is similar in both sexes in terms of form and sensilla. On the labrum of males sensilla could be detected similar to the apical sensilla of females which play a role in the identiÞcation of blood.
ALTHOUGH IT IS a common belief that male sandßies do not have appropriate mouthparts to bite and take up blood from a host, we have found males of Lutzomyia migonei Franç a that took blood meals from a skin lesion of a cow (Silva and Grunewald 1999a) . L. migonei is an anthropophagous species that has a wide distribution in South America (Young and Duncan 1994) . The major importance of L. migonei is based on the fact that this species has been found naturally infected with promastigotes believed to be Leishmania (Viannia) braziliensis Vianna in a focus of cutaneous leishmaniasis in Brazil (Azevedo et al. 1990 , Azevedo and Rangel 1991 , Azevedo et al. 1996 . Their important role as a potential vector of Leishmania (V.) braziliensis has been conÞrmed in a laboratory study by Nieves and Pimenta (2000) .
Light microscopy studies on the mouthparts of sandßies have been conducted by Adler and Theodor (1926) with females of Phlebotomus papatasi Scolopi. Furthermore, Lewis (1975 Lewis ( , 1984 has compared the mouthparts of females of some Phlebotomus and Lutzomyia species using light microscopy. Killick-Kendrick and Mollineux (1981) and Jefferies (1987) described and discussed the function of some sensilla in the food canal of female Lutzomyia longipalpis Lutz & Neiva by using scanning electron microscopy. Brinson et al. (1993) illustrated and compared the differences between the mouthparts of males and females in two Lutzomyia and one Phlebotomus species by scanning electron microscopy (SEM). More emphasis has been given to females than males because of their bloodsucking habit and their importance as vectors of leishmaniasis.
The mouthparts of both, males and females of Lu. migonei were studied by scanning electron microscopy (SEM) and light microscopy (LM) to obtain more information about differences between males and females and perhaps to get more information about penetration and blood feeding in males.
Materials and Methods
During a survey in an endemic area of American cutaneous leishmaniasis in Rio Grande do Sul in southern Brazil, sandßies were collected with an aspirator and stored in 70% ethanol (Silva and Grunewald 1999b) . In total, 10 specimens of each sex were used for LM, and 10 specimens for SEM studies. For LM studies, specimens were cleared overnight in 10% KOH, Þxed for 10 min in 10% acid fuchsin, and dehydrated in a graded ethanol series. The heads were then dissected with Þne needles and mounted on slides using Entellan medium (Roth, Karlsruhe, Germany). Those to be examined by SEM were previously Þxed for 72 h in KarnovskyÕs solution (5% glutaraldehyde and 4% paraformaldehyde in 0.1 M cacodylate buffer, pH 7.2). After serial dehydration in ethanol, the mouthparts were separated from the head with Þne needles. Dissected parts were mounted horizontally and glued on fotostrip (Tesa, Hamburg, Germany) on 10-mm glass coverslips attached to aluminum stubs and dried in a critical-point dryer. Stubs were coated with gold and analyzed using a Cambridge stereoscan electron microscope 250 (Cambridge, United Kingdom). Measurements of the mandibles, maxillae, labrum, and hypopharynx were made under a LM and all data are expressed in micrometers.
Results

Mandibles.
The mandibles of L. migonei females are strongly sclerotized and equipped with a row of 25 tiny teeth on the side and 15 on the tip. The length from the attachment of the adductor muscle to the tip of distal tooth varies from 257 to 296 m ( Fig. 1 A and B) . In males, the mandibles are also sclerotized but shorter than in females. The length from the attachment of the adductor muscle to the tip varies from 60 to 65 m. Lateral teeth as in females were not observed, however some tiny spicula on the lateral side are present (Fig. 1C) .
Laciniae. In females of L. migonei, the length from the attachment of the adductor muscle to the tip varies from 230 to 249 m. The laciniae are well sclerotized, and show 21 lateral and Þve retrorse teeth ( Fig. 2 A and B). In males, the laciniae are shorter (144 Ð175 m) than in females but they are also strongly sclerotized. The surface is ornated with some spicula. The outside edges contain eight lateral teeth. In males, retrorse teeth were not observed (Fig. 2C) .
Hypopharynx. In females, the hypopharynx is highly sclerotized. The length from the junction with the labrum to the tip measures from 241 to 265 m. The hypopharynx exhibits 28 Þne teeth on the apical edge. The opening of the salivary canal ends at a distance of Ϸ50 m from the tip (Fig. 3A) . In males, the hypopharynx is also sclerotized. The length from the junction with the labrum to the tip varies from 156 to 179 m. The teeth on the apical edge are substituted by spicula. The opening of the salivary canal ends at a distance of 85 m from the tip (Fig. 3B) .
Labrum-Epipharynx. In females, the length from the junction with the hypopharynx to the tip measures from 249 to 265 m (Fig. 4A) . It is sclerotized and equipped with six apical labral sensilla. In males, the length from the junction with the hypopharynx to the tip varies from 156 to 187 m (Fig. 4 B and C) . Males do not have apical sensilla, but they show some sensilla with tubular form that arise from the food canal in the apex (Fig. 4 B and C) . In both sexes, the distal ventrolateral surface of the labrum is ornated with abundant spicula or hairs. Four subapical sensilla are present in both sexes (Fig. 4) .
There are three lateral labral pegs in the epipharynx of both sexes and four in the center of the food canal. In females, however, the labral pegs in the center of the food canal are grouped whereas in males they are separated from each other (Fig. 5 A and B) .
Cibarium and Other Structures. The outlet of the salivary gland and some possible sensilla were localized in the cibarium of L. migonei female (Fig. 6 A and  B) . We could also identify four cibarial horizontal teeth and some smaller teeth described as vertical teeth by Young and Duncan (1994) (Fig. 7) .
Discussion
Mandibles. According to Lewis (1975) , the mandibles cut the skin of the host and the laciniae spread the walls to facilitate the penetration of both the hypopharynx and labrum-epipharynx. The mandibles in L. migonei females are similar to those found in other species of sandßy described to date. However, we could not observe the campaniforme sensilla on the dorsal superÞcial ridge of the basal mandible, as described by Brinson et al. (1993) for L. longipalpis females. The authors stated that these sensilla on the mandibles of sandßies may serve as proprioceptors to monitor stress while cutting the skin and possible piercing, similar to those suggested for Tabanus nigrovittatus Macquart.
We have also found mandibles in males, however they are shorter than in females. This is in contrast to Brinson et al. (1993) who reported that male sandßies lost their mandibles completely during evolution. Laciniae. According to Lewis (1975) , the teeth on the laciniae in females probably engage the epidermis when the lateral teeth have reached the dermis. Female L. migonei have very short laciniae (230 Ð249 m) in comparison to the species studied by Brinson et al. (1993) , which measured Ͼ300 m. The kind of lacinae with which female L. migonei are equipped appear suitable for hooking into relatively soft skin (Lewis 1975) . Males of L. migonei are also equipped with sclerotized laciniae. Retrorse teeth were not observed. Brinson et al. (1993) described that the laciniae in males of Lutzomyia shannoni Diar are ornated with lateral teeth and well formed retrorse teeth. We made the same observation for males of L. neivai Pinto (unpublished data). According to Brinson et al. (1993) , laciniae of males of hematophagous Diptera usually have the retrorce teeth, seen in females, replaced by spicula or minute hair-like projections. They argued that the presence of well-formed retrorce teeth on the laciniae of L. shannoni males is probably best explained by stating that modiÞcation of the typical female form is not advanced in this species.
Hypopharynx. L. migonei females have a very short hypopharynx in comparison with the females studied by Brinson et al. (1993) . According to Lewis (1975) , the short hypopharynx of L. migonei females appears suitable for penetrating less hard skin. The hypopharynx of some species of female sandßies have a row of little teeth, which Lewis believed to be too Þne and ßexible to penetrate the skin. In addition, Theodor (1958) afÞrmed that these structures are lacking or are represented as tiny teeth in many female species of Sergentomyia which attack small animals.
Labrum-Epipharynx. The labrum of L. migonei females measures from 249 to 265 m. This agrees well with the length of the labrum for Phlebotomus argentipes Annandale and Brunetti, the vector of Kala-azar in the Old World, that measures from 228 to 277 m (Lewis 1987). Lewis stated that this length is only just enough to obtain a blood meal from normal human skin. The small size of the labrum of L. migonei females is apparently an adaptation for feeding on small mammals and humans.
The apical labral sensilla in female L. migonei are very similar to those described by Lewis (1975) , Jefferies (1987) , and Brinson et al. (1993) . Lewis (1975) suggested that these sensilla play a mechanical role in the penetration of the skin and in locating crevices in the skin of the host. The apical sensilla in other groups of blood-feeding Diptera are known to locate the blood in the host (Rice et al. 1973; McIver 1982; McIver 1982, 1984) . In sandßies they are probably homologous to those studied by these authors. As reported, males of L. migonei do not have apical sensilla, but they show some sensilla with tubular form that arise from the food canal in the apex (Fig. 4 B and C) . Brinson et al. (1993) found these sensilla to be absent in males, as did we in L. neivai males. The function of these sensilla is not well understood and will be studied in future investigations.
The subapical sensilla in female L. migonei (Fig. 4A) are very similar to those found in females of other species studied by Lewis (1975) , Brinson et al. (1993), and Jefferies (1987) . In males, these sensilla are similar to those found in females (Fig. 4 B and C). They were also observed by Brinson et al. (1993) . According to Jefferies (1987) , the subapical sensilla in females probably contain both mechano-and chemosensory neurons monitoring the ßuid in the labrum and aiding the apical sensilla in the detection of phagostimulants. Electrophysiological studies on the apical and subapical sensilla of both male and female L. migonei are necessary to show whether the neurons respond to sugar, blood, tactile, or any other stimuli.
In both sexes, the distal ventrolateral surface of the labrum is ornated with abundant spicula or hairs, which as Lewis (1975) suggested, act as a partial Þlter to protect the lower hairs, and thus prevent the host tissue from blocking the fascicle inlet. They may also act like the brush of a vacuum cleaner, concentrating the inßow of ßuid.
Three basal labral pegs were found on either side of the food canal and four in the center of the food canal in both male and female L. migonei. In L. longipalpis females, Jefferies (1987) found two basal lateral pegs on either side of the food canal and only one labral peg near to those in the center of the food canal. This author suggested that they are most probably mechanosensory organs. Lewis (1975 Lewis ( , 1984 felt that in females they are likely to monitor the ßow of blood along the food canal. In males, the function of these labral pegs needs to be investigated. However, one could imagine that the function may be homologous to those found in females.
Cibarium and Other Structures. In comparison with the drawings of Adler and Theodor (1926) , Lewis (1975), and Jobbling (1987) , we localized the outlet of the female salivary gland and some possible cibarial sensilla (Fig. 6 A and B) . According to Lewis (1975) the female cibarium is continuous with the labrum and hypopharynx and receives its food channel, and is connected to the salivary pump which discharges into the hypopharynx.
Cibarial chemoreceptors have been identiÞed in all groups of Diptera examined by Rice et al. (1973) . However, Jefferies (1987) felt that there is no evidence of their existence in sandßies by LM examination of numerous Old and New World species. The author stated, however, that because of the small size of sandßies, these sensilla could be overlooked in LM preparations. In addition, the dissection of the cibarium to reveal the inner walls for SEM studies is by no means easy. Further studies need to be done to prove these structures. If they are sensilla, their function also needs to be investigated.
In L. migonei females we could identify four cibarial horizontal teeth and some smaller vertical teeth (Fig.  7) . Lewis (1975) suggested that the presence of cibarial teeth explains the lack of Þlarial vectors among sandßies because they act as a comb and damage the parasites. In addition, the author stated that the feeding mechanism may release some Leishmania from macrophages through the effects of the cibarial teeth.
All mouthparts are well developed in both sexes but generally they are all shorter in males. The ultrastructural study of the mouthparts of L. migonei have shown that in males, mandibles that are responsible for cutting the skin are lacking lateral teeth. Thus, we believe that males are not able to penetrate the intact skin of a host. They might be able to penetrate the Þne membrane of a drying skin lesion; however, this has yet to be experimentally proven.
